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ABSTRACT : PROBLEM TO BE SOLVED: To improve stability of a vehicle in traveling by accurately 

judging if a rocking regulation is necessary or not, in a low-cost structure without using 
high precision parts in an industrial vehicle supporting a frame rockably from side to side 
to a wheel axle. 

SOLUTION: A vehicle has a frame 1 rockably supported against a rear wheel axle 9, and 
is provided with a speed sensor 21 , a load sensor 22 and a steering angle sensor 24. 
Steering angles are regularly detected by the steering angle sensor 24 and the detected 
steering angles are summed up or averaged at every designated number of times by a 
controller 20, and a steering angle speed is calculated based on those values. A map of 
relation between vehicle speeds and steering angles and a map of relation between 
vehicle speeds and steering angle speeds have been prepared beforehand and the 
controller 20 makes judgment of regulation or deregulation of a rocking motion based on 
the detected value of each sensor and those maps. 
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CLAIM + DETAILED DESCRIPTION 



[Claim(s)] 

[Claim 1] In the axle rocking control device of the industrial truck equipped with a control means 
to judge whether rocking of a frame to an axle is regulated It is based on the value which 
detected the steering angle for every definite period of time with the steering angle detection 
means, and totaled the this detected steering angle for every number of times of predetermined, 
or the averaged value. The rocking control device of the industrial truck characterized by 
constituting so that it may judge whether steering angular velocity is calculated with a steering 
angular velocity operation means, and rocking of a frame is regulated based on this operation 
result. 

[Claim 2] The rocking control device of the industrial truck according to claim 1 constituted so 
that it might judge whether rocking of a frame is regulated based on the vehicle speed which has 
a vehicle speed detection means to detect the running speed of vehicles, and was detected by 
this vehicle speed detection means, and said steering angle or steering angular velocity. 
[Claim 3] The judgment of whether to regulate rocking of a frame based on said vehicle speed, a 
steering angle, or steering angular velocity is the rocking control device of the industrial truck 
according to claim 1 or 2 constituted so that it might judge on the map of the vehicle speed 
prepared beforehand and a steering angle, or the map of the vehicle speed and steering angular 
velocity. 

[Claim 4] Claim 1 , 2, or the rocking control device of industrial truck given in three constituted 
so that the map of said vehicle speed and a steering angle or the map of the vehicle speed and 
steering angular velocity might be set up from the load which has a loading load detection means 
to detect the loading state of a load, and was detected by this loading load detection means. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rocking control device of industrial truck, 
and relates to the rocking control device which regulates or permits rocking of a frame to a back 
axle especially in industrial truck, such as a counter balance type forklift or a reach type forklift 
[0002] 

[Description of the Prior Art] A forklift is mentioned as an example of **** industrial truck, and 
the common forklift is supporting the frame possible [ rocking ] to the horizontal direction to a 
back axle, in order to aim at improvement in run stability, and improvement in a degree of 
comfort (if it puts in another way, the back axle is supported possible [ rocking ] to the frame). 
YORETO and transverse direction power of acting on the vehicles at the time of revolution And 
a gyroscope, Detect using an acceleration sensor and These detected YORETO, transverse 
direction power, [ furthermore, the YORETO change rate calculated based on the YORETO 
detection value ] When it becomes larger than a fiducial point, the feeding and discarding of 
operation oil of the hydraulic damper arranged between the frame and the back axle are 
intercepted, a back axle is fixed, and what raises the run stability at the time of revolution is 
known by regulating rocking of a frame (JP,H9-309308,A). 
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[0003] 

[Problem to be solved by the invention] In order to judge that the necessity of rocking regulation 
mentioned such a forklift above with a formula and fiducial points, such as the specific width G 
and YORETO, and to perform a setup of the fiducial point so that it may become the optimal in a 

» 

certain specific speed region, Except the speed region, rocking is regulated more than needed or 
rocking is not regulated. When rocking is not regulated, an operator feels the instability of 
vehicles, and on the other hand, if rocking is regulated more than needed, the run stability and 
the degree of comfort of a forklift will fall. 

[0004] Moreover, when computing the Yeoh angular acceleration from the detection value of 
YORETO, in order to ask for detected YORETO from difference with the detection value in front 
of arbitrary time as it is, it is necessary to use highly precise parts for a sensor or an A/D 
conversion machine, or to lengthen arbitrary time. If the accuracy of a sensor or an A/D 
conversion machine is raised, the unit price of parts will rise, if arbitrary time is lengthened, the 
response of control will become late, and it will regulate in the state where vehicles are rocking. 
Thus, when it regulates in the state where vehicles are rocking, vehicles become unstable easily 
and an operator will feel the instability of vehicles. 

[0005] Then, it sets to the industrial truck which the frame supported possible [ rocking ] to the 
horizontal direction to the axle. The technical technical problem which should be solved in order 
to distinguish the necessity of rocking regulation correctly with inexpensive composition and to 
raise the stability of the vehicles at the time of a run, without using highly precise parts arises, 
and this invention aims at solving this technical problem. 
[0006] 

[Means for solving problem] In the axle rocking control device of the industrial truck equipped 
with a control means to judge whether this invention is proposed in order to attain the above- 
mentioned purpose, and it regulates rocking of a frame to an axte It is based on the value which 
detected the steering angle for every definite period of time with the steering angle detection 
means, and totaled the this detected steering angle for every number of times of predetermined, 
or the averaged value. The rocking control device of the industrial truck constituted so that it 
might judge whether steering angular velocity is calculated with a steering angular velocity 
operation means, and rocking of a frame is regulated based on this operation result, And the 
vehicle speed which has a vehicle speed detection means to detect the running speed of 
vehicles, and was detected by this vehicle speed detection means. The rocking control device of 
the industrial truck constituted so that it might judge whether rocking of a frame is regulated 
based on said steering angle or steering angular velocity, [ and the judgment of whether to 
regulate rocking of a frame based on said vehicle speed, a steering angle, or steering angular 
velocity ] It has a loading load detection means to detect the rocking control device of the 
industrial truck constituted so that it might judge on the map of the vehicle speed prepared 
beforehand and a steering angle, or the map of the vehicle speed and steering angular velocity, 
and the loading state of a load. The rocking control device of the industrial truck constituted so 
that the map of said vehicle speed and a steering angle or the map of the vehicle speed and 
steering angular velocity might be set up from the load detected by this loading load detection 
means is offered. 
[0007] 

[Mode for carrying out the invention] The form of operation of this invention is hereafter 
explained in full detail according to Drawings. Draw ing 1 shows the outline of a counter balance 
type forklift as an example of industrial truck. The mast by which 1 was set up by the frame and 
2 was set up at the front side of this frame 1 t the fork for cargo work which 3 goes up and down 
up and down along with a mast 2, the lift cylinder which 4 makes go up and down this fork 3, and 
5 are tilt cylinders which make said mast 2 incline forward and backward. Moreover, the front 
wheel tire whose 6 is the run driving wheel of a forklift, the rear wheel tire whose 7 is the 
steering wheel of a forklift, and 8 are the steering handles of a forklift. 

[0008] The back axle with which drawing 2 is the figure showing the composition of the used 
machine style of a back axle, and, as for 9, it is equipped with said rear wheel tire 7, A support 
support for the support pin by which 10 was fixed to the center order both sides of a longitudinal 
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direction of this back axle 9, and 1 1 to hold this support pin 10 on said frame 1 t and 12 are the 
stoppers fixed to said frame 1. Thus, by supporting, said frame 1 can be rocked to a horizontal 
direction centering on the support pin 10 of the back axle 9. ■ 

[0009] In this figure, 13 is the oil pressure cylinder of a ** rod type, the rod side of this oil 
pressure cylinder 13 is supported by the support support 14 fixed to the end of the back axle 9, 
and the head side of this oil pressure cylinder 13 is supported by the support support 15 fixed to 
the undersurface of said frame 1. 16 is the oil pressure cylinder 13 top room 13a and the bottom 
room 1 3b an oilway open for free passage, and in the middle of this oilway 1 6 While forming the 
accumulator 17 which performs the feeding and discarding of operation oil to this oilway 16 The 
e I e ctromagneti sm change-over valve 1 9 which switches the electromagnetisrn change-over 
valve 18 which switches said oil pressure cylinder 13 top room 13a and an accumulator 17 to a 
free passage or interception, and the bottom room 13b of said oil pressure cylinder 13 and an 
accumulator 17 to a free passage or interception is arranged. In addition, SI and S2 are the 
solenoids for switching the valve position of the electromagnetisrn change-over valves 1 8 and 
19, and, as for both the electromagnetisrn change-over valves 18 and 19, a solenoid Sf and S2 
are interception at the time of un-magnetizing. 

[0010] In rocking control of industrial truck, switching control of a free passage or interception of 
said electromagnetisrn change-over valves 18 and 19 is carried out to the following two 
operating modes with the control signal from the controller 20 which is a control means. When 
said both electromagnetisrn change-over valves 18 and 19 are in the interception positions 18a 
and 1 9a as illustrated Since outflow ON of operation oil is not made between the oil pressure 
cylinder 1 3 top room 1 3a and the bottom room 1 3b but elasticity of this oil pressure cylinder 1 3 
is regulated, it becomes the operating mode of the regulation by which rocking of a frame 1 is 
regulated to the back axle 9. On the other hand when said both electromagnetisrn change-over 
valves 18 and 19 are made into the free passage positions 18b and 19b The outflow ON of 
operation oil is possible between the oil pressure cylinder 13 top room 13a and the bottom room 
13b, elasticity of this oil pressure cylinder 13 is attained, and it becomes the operating mode of 
the deregulation which can rock a frame 1 to the back axle 9. 

[001 1] In addition, the speed sensor as a vehicle speed detection means attached to 
deceleration mechanism parts (not shown), such as transmission and DEFARENSHARUGIYA, in 
order that 21 might detect the running speed of vehicles, 22 is a load sensor as a loading load 
detection means prepared in the above-mentioned lift cylinder 4 grade, in order to detect the 
loading state of a load. Moreover, the kingpin 23 of said back axle 9 is equipped with the steering 
angle sensor 24 as a steering angle detection means, and the steering angle of the rear wheel 
tire 7 which is a steering wheel is detected so that it may mention later. 

[0012] Drawing 3 is the detail view of the steering angle sensor 24 with which the upper end of 
the kingpin 23 was equipped, and 25 is the rubber for fixing the input axis 24a of the steering 
angle sensor 24 to a kingpin 23, and a bush made of resin. Thus, the input axis 24a of said 
steering angle sensor 24 is carrying out boiled-fish-paste form, and since the portion inserted in 
a kingpin 23 serves as long hole form, rotation of a kingpin 23 is transmitted to the steering angle 
sensor 24. Moreover, the inside diameter center axis and the outside center axis are carrying out 
eccentricity of the bush 25. 

[0013] The detection signal of each sensor of said speed sensor 21, the load sensor 22, and 
steering angle sensor 24 grade is inputted into a controller 20, and is used for necessity 
judgment of rocking regulation. The map of the vehicle speed v and the steering angle r which 
prepared drawing 4 beforehand, and drawing 5 are the maps of the vehicle speed V and the 
steering angular velocity dr which were prepared beforehand. Rocking is regulated, when the run 
state at that time is held and it is in B3 field, in making rocking regulation unnecessary and being 
in B-2 field in the map of drawing 4 , when the intersection of the vehicle speed v and the 
steering angle r is in B1 field so that it may mention later. B-2 field is a hysteresis field prepared 
in order to prevent repeating regulation and release frequently. In the map of drawing 5 , when 
the intersection of the vehicle speed v and the steering angular velocity dr is in C1 field, rocking 
regulation is made unnecessary, and when it is in C2 field, rocking is regulated. 
[0014] Next, the step of rocking control of operation is explained according to the flow chart of 
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drawing 6 and draw ing 7 . First, a controller 20 initializes the failure flag f at the time of 
regulating system starting, and reads each detection value from the speed sensor 21, the load 
sensor 22, and the steering angle sensor 24. And a controller 20 investigates failure of this speed 

sensor 21, disconnection, a short circuit, etc. by verifying whether the input value of the speed 
sensor 21 is in the proper output of the speed sensor 21. The maximum high speed is inputted 
into the vehicle speed v at the time of failure of this speed sensor 21, failure of the speed 
sensor 21 and failure mode are inputted into the failure flag f, and the vehicle speed v is 
computed from the input value of the speed sensor 21 at the time of un-breaking down. 
[0015] Moreover, a controller 20 investigates failure of this steering angle sensor 24, 
disconnection, a short circuit, etc. by verifying whether the input value of the steering angle 
sensor 24 is in the proper output of the steering angle sensor 24. While inputting thp maximum 
steering angle into the steering angle r at the time of failure of this steering angle sensor 24 The 
maximum steering angular velocity is inputted into the steering angular velocity dr, an error is 
inputted in the steering direction d, failure of the steering angle sensor 24 and failure mode are 
inputted into the failure flag f, and the steering angle r and the steering angular velocity dr are 
computed from the input value of the steering angle sensor 24 at the time of un-breaking down. 
In addition, the steering angle r here is the absolute value of the real steering angle of vehicles 
instead of the piece angle of a kingpin 23, and the steering angular velocity dr is the absolute 
value of the rate of change to the time of a real steering angle. 

[0016] Furthermore, a controller 20 investigates failure of this load sensor 22, disconnection, a 
short circuit, etc. by verifying whether the input value of the load sensor 22 is in the proper 
output of the load sensor 22. The maximum load is inputted into Load w at the time of failure of 
this load sensor 22, failure of the load sensor 22 and failure mode are inputted into the failure 
flag f, and Load w is computed from the input value of the load sensor 22 at the time of un- 
breaking down. Moreover, a controller 20 investigates failure of this solenoid S1 and S2 by 
verifying a solenoid S1 and the energization state of S2. Failure of solenoid S1 and S2 is inputted 
into the failure flag f at the time of failure of this solenoid S1 and S2. 

[001 7] Next, a controller 20 chooses the map of the vehicle speed v as shown in the map and 
drawing 5 of the vehicle speed v and the steering angle r as shown in drawing_4 t and the 
steering angular velocity dr from Load w. Since rocking regulation is unnecessary when the 
intersection of the vehicle speed v and the steering angle r is in B1 field, Release is inputted into 
run regulation flag fst, and since rocking regulation is required when run regulation flag fs1 at 
that time is held and it is in B3 field, in being in B-2 field, regulation is inputted into run 
regulation flag fs1. On the other hand, since rocking regulation is required when release is 
inputted into run regulation flag fs2 and it is in C2 field, since rocking regulation is unnecessary 
when the intersection of the vehicle speed v and the steering angular velocity dr is in C1 field, 
regulation is inputted into run regulation flag fs2. 

[0018] And the both sides of the run regulation flags fs1 and fs2 input release into the run 
regulation flag fs, when predetermined time has passed after release, and a controller 20 inputs 
regulation into the run regulation flag fs, when other. A controller 20 regulates rocking of vehicles 
as an operating mode of regulation, when the run regulation flag fs is set as regulation, and when 
the run regulation flag fs is set as release, it permits rocking of vehicles as an operating mode of 
deregulation. 

[0019] Here, like slalom or a rain change, when posture change of vehicles is large and early, it is 
necessary to regulate the rocking, before a frame 1 rocks. In this case, the start time of posture 
change of vehicles becomes detectable, without being influenced by many factors, such as frame 
rigidity, by detecting change of the steering angle in the steering start time of the operator who 
becomes the cause of posture change of vehicles. This invention computes steering angular 
velocity by calculating the amount of change of the steering angle in minute time, and uses it for 
necessity judgment of rocking regulation of this steering angular velocity. 
[0020] The calculation method of said steering angular velocity is explained hereafter. An 
operators operation of the steering handle 8 will steer the rear wheel tire 7 through linkage. Said 
steering angle sensor 24 detects steering of the rear wheel tire 7, and the rotation angle of the 
kingpin 23 which rotates to one. a controller 20 — angle reading of the steering angle sensor 24 



http://dossierl.ipdLinpit.go jp/cgi-bin/traii web cgi ejj e?u=http%3 A%2F%2Fdossier* . . 26-02-2009 



JP,2002-079816,A [CLAIM + DETAILED DESCRIPTION] 



Page 5 of 7 



— a definite period of time — ( — it carries out to every t) and let the total vaiue or the average 
value of the arbitrary number (n) be a steering angle detection value for the read detection 
value. Since this vaiue is the rotation angle of a kingpin 23 f a controller 20 converts this 
detection value into the real steering angle (steering angle r) of vehicles, and memorizes the 
value of this converted real steering angle as steering angle data for every nxt. 
[0021] Now, temporarily, said arbitrary number (n) is set to 10, and the vaiue of the real steering 
angle (steering angle r) by which the definite period of time (t) was converted into 0.5msec, then 
a controller 20 is memorized as steering angle data every 5msec. And in the memorized steering 
angle data, the steering angle in this time is set to rO, and the steering angle in front of 5msec is 
set to r5 rather than this time. The data in front of 10msec, 15msec, 20msec, and 25msec will be 
expressed as r10, r15, r20, and r25 like the following, respectively. Based on these steering angle 
data, the steering angular velocity dr is calculated by the following formula. 
[0022] dr=(rO-r20Mr5-r25 

Here, although the sum of this time, the difference of the steering angle in front of 20msec, and 
the difference of the steering angle in front of 5msec and 25msec is made into steering angular 
velocity, this is equalized and it is good also as steering angular velocity. Thus, the necessity 
judging of rocking regulation is performed from the map of the steering angular velocity dr 
calculated by the controller 20 which is a steering angle operation means, and the vehicle speed 
v shown in drawing 5 using the vehicle speed v at that time and the steering angular velocity dr. 
[0023] in the above-mentioned procedure — the definite period of time of the steering angle 
sensor 24 — ( — computing and calculating a steering angle from the value which totaled or 
averaged the detection value of every t) is based on the following Reasons. [ a rotation angle ] 
generally although the rotation angle (voltage) as an analog signal which a sensor detects is 
changed into a digital signal by the A/D conversion machine and is read into a controller When 
an inexpensive sensor, an A/D conversion machine, etc. are used in conversion to this digital 
signal, the error resulting from that resolution being low will have big influence on detection 
accuracy. A steering angle is searched for in the procedure mentioned above, without resolution 
using a high sensor, an A/D conversion machine, etc. in order to deter the above-mentioned bad 
influence as much as possible with an inexpensive sensor, an A/D conversion machine, etc. 
[0024] For example, when the rotation angle detected by the steering angle sensor 24 is changed 
into a digital signal by 10-bit resolution to 180 degrees of sensor rotation angles, the sensor 
rotation angle per 1 division value becomes 0.1 76 degree. Generally, by the controller, the 
voltage variation of other control apparatus, etc., change of said 1 division value arises and it 
becomes a factor with error. If there was change which is equivalent to the steering angle of this 
1 division value (0.176 degree) in minute time (for example, 1 0msec), it is set to 17.6 deg(s)/sec 
as steering angular velocity. In the control map of rocking regulation, since its error by change of 
said 1 division value is very large when the value is compared with said 17.6 deg/sec 1 division 
value, since the usual maximum steering angular velocity of a forklift is 60 to 90 deg/about sec, 
it cannot perform exact regulation judgment. Especially when a running speed is high, in order to 
regulate by small steering angular velocity, it comes to be increasingly influenced by with error, 
and exact regulation becomes impossible. 

[0025] Moreover, [ in order to make an error small, if it asks for steering angular velocity from 
the difference of the steering angle in front of this time and 100msec, the steering angular 
velocity by change of a 1 division value is set to 1.76 deg(s)/sec, but ] The response which 
regulates rocking becomes late, it will regulate in the state where vehicles are rocking and 
vehicles become unstable. 

[0026] Reading time of the sensor detection value was set to 0.5msec with the form of this 
operation from the limit of the control device, although the repetition by the earliest possible 
time was required. Moreover, although the detection value read every 0.5msec is totaled or 
averaged every 5msec, influence of the variation in a detection value can be made small by 
taking this long time. However, when this time is lengthened too much, processing of the control 
[ itself ] will take time and, as a result, delay will arise to rocking regulation. Then, this time is set 
to 5msec by a running test etc., and, finally, in addition, the difference shifted 5 msec is also 
calculating change (difference) of the steering angle in 20msec for calculation of steering angular 
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velocity. 

[0027] Thus, by totaling or averaging the detection value read every 0.5msec every 5msec, 
influence by the variation in the detection value in a reading time can be made small, and the 
accuracy of a steering angle detection value can be improved; Moreover, since the sum of this 
time, the difference of the steering angle in front of 20msec, and the difference of the steering 
angle in front of 5msec and 25msec is made into steering angular velocity also with steering 
angular velocity, As compared with this time and the steering angular velocity for which it asks 
from the difference of the steering angle in front of 100msec, an error can be made small, and it 
becomes good [ a response ]. 

[0028] In addition, this invention is the range which does not deviate from the soul of this 
invention, and it changes as follows and it can also be carried out, for example. 

1 . Although the map of the vehicle speed set up beforehand and a steering angle is chosen from 
load, you may choose the map of the vehicle speed and a steering angle from a lifting height. 

2. When asking for steering angular velocity, make the detection value of a steering angle into 
the total value for every definite period of time, or average value, and it is asking for steering 
angular velocity based on this, but not only steering angular velocity but the thing similarly 
searched for for a horizontal G rate of change or a YORETO rate of change is possible. For 
example, the width G for every definite period of time or the detection value of YORETO is made 
into total value or average value, and a horizontal G rate of change or a YORETO rate of change 
is computed using this. 

3. Although the piece angle of a kingpin is converted into the real steering angle, the conversion 
process to a real steering angle can also be skipped by making the vehicle speed, a steering 
angle and the vehicle speed, and the value of each map of steering angular velocity into the 
value corresponding to a kingpin piece angle. In this case, improvement in the speed of 
processing by the operation processing abbreviation of a controller is possible. 

4. It is applicable not only to a counter balance type forklift but a reach type forklift 

5. In calculation of final steering angular velocity, although it is considered as dr=(rO~r2Q)+ (r5-~ 
r25), the difference shifted 5 msec may not be added but you may ask as dr= (K)-r20). 

6. Although the total value or the average value for every definite period of time is calculated 
from the detection value of a steering angle and the difference of the definite period of time is 
made into steering angular velocity, you may judge rocking regulation by the actual steering 
angular velocity which broke the value by a definite period of time and total value. 

7. Time to compare the definite period of time (t) of reading of a steering angle sensor, the 
number (n) of the detection value averaged or totaled, and difference etc. is not limited to the 
numerical value indicated in the form of this operation, but may use other values. 

8. In order to judge the necessity of regulation, the map is used, but you may use the table which 
registered the decision value instead of the map. For example, extract from a table the steering 
angular velocity decision value which operates rocking regulation from speed and the speed 
which was detected in the case of the table of a steering angle, and the steering angular velocity 
and the steering angular velocity decision value which were computed are compared. When 
steering angular velocity exceeds a steering angular velocity decision value, rocking is regulated, 
and when other, it is good also as unnecessary in regulation of rocking. 

It can succeed in the alteration of ** and, naturally this invention also attains to these changed 

things. 

[0029] 

[Effect of the Invention] This invention calculates steering angular velocity with a steering 
angular velocity operation means based on the value which detected the steering angle for every 
definite period of time with the steering angular velocity detection means, and totaled the this 
detected steering angle for every number of times of predetermined, or the averaged value, as 
explained in full detail in the form of the 1 above-mentioned implementation. Thus, since the 
steering angular velocity which is a rate of change to the time of a steering angle is calculated 
and the necessity of rocking regulation is judged by the steering angular velocity, the time of 
starting steering of an operator can be detected and rocking regulation of a frame is attained at 
the time of the early stages of revolution* Moreover, since the necessity of rocking regulation is 
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judged on the map of the steering angular velocity which can be set up freely, and the vehicle 
speed, without judging the conditions of regulation only by steering angular velocity, it is possible 
to unite with the feeling which feels the vehicles instability of optimization in a full, speed field 
and an operator. 

[0030] And calculation of steering angular velocity does not search for the detected steering 
angle from difference with the detection value in front of arbitrary time as it is. It is possible to 
improve the accuracy of steering angular velocity, without using the expensive high thing of 
resolution for steering angle detection means, such as a steering angle sensor and an A/D 
conversion machine, since it is asking by the difference of the steering angle detection value 
averaged [ which averaged and definite-period-of-time--totaled ], and the steering angle 
detection value in front of arbitrary time totaled or averaged. 



[Translation done.] 
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